A library of 3,4,6,7-tetrahydro-3,3,6,6-tetramethyl-9,10-diphenylacridine-1,8-dione derivatives were synthesized via microwave-assisted three-component reaction employing silica supported sulphuric acid under solvent free conditions and tested for in vitro cholesterol esterase inhibitory activity. All synthesized compounds exhibited moderate to good inhibition of cholesterol esterase enzyme. Among all the synthesized acridinedione derivatives, compound HSM-1a showed the most promising activity with IC 50 value of 1.53 µM against cholesterol esterase enzyme. Enzyme kinetic studies carried out for HSM-1a, revealed its mixed-type inhibition approach. Molecular protein-ligand docking studies were also performed to figure out the key binding interactions of HSM-1a with the amino acid residues of the enzyme's active site. Furthermore, acquiescence of some potent compounds to the Lipinski rule was also determined.
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Cholesterol is a vital component of cell membrane and possesses many physiological functions. The greatest percentage of cholesterol is used in cytoplasm for bile acid synthesis [1] . Hypercholesterolemia produced either by cholesterol feeding or by cholesterol-free, purified diets ("endogenous" hypercholesterolemia) results in the accumulation of cholesterol in adipose tissue. The reduction of cholesterol level in plasma, particularly in low density lipoprotein (LDL) lowers the risk of cardiovascular events [2, 3] . There are various enzymes present in our body having contributory effect in diverse disease conditions [4] [5] [6] [7] [8] . Likewise, pancreatic cholesterol esterase (CEase) is an enzyme having prominent role in increasing the risk of heart disease. CEase is the member of α/β hydrolase family of proteins which catalyse the hydrolysis of cholesterol ester into free cholesterol in the lumen of small intestine [9, 10] . It is also thought that the transport of cholesterol micelles to enterocytes is performed by this enzyme [11] . As the combined role of CEase in the absorption and transport of cholesterol, its inhibition is important by the development of novel moieties, which helps in treating hypercholesterolemia and associated diseases such as coronary heart disease [12] .
Since the last decade, there have been a number of scaffolds reported, which were biologically active against CEase and several classes of potent CEase inhibitors have been developed [13] thus far, including 6-chloro-2-pyrones [14, 15] , thieno [1, 3] oxazin-4-ones [16, 17] , carbamates [18] [19] [20] [21] [22] [23] [24] [25] , aryl phosphates and phosphonates [26, 27] , chloroisocoumarins [28] , phosphaisocoumarins [29] , thiazolidinediones [30] and benzoflavones [31] ( fig. 1 ). However, most of these inhibitors were not highly selective and they could also inhibit other serine hydrolases such as acetylcholinesterase (AChE), butyrylcholinesterase (BuChE), Pseudomonas species lipase (PSL), chymotrpsin (CT) and trypsin [32] . Acridine is one of the prevalent biologically active heterocycle due to its presence in many medicinally important molecules, such as amsacrine (1, cytotoxic and antiviral agent), Microwave-assisted SiO 2 -H 2 SO 4 -catalyzed Synthesis of 3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9,10-diphenylacridine-1,8-dione Derivatives as Cholesterol Esterase Inhibitors botiacrine (2, antiparkinsonian drug), clomacran (3, tranquilizer) , monometacrine (4, antidepressant) and acridinecarboxamide (DACA, 5 antitumor) as shown in fig. 2 [33] .
In view of various medicinal attributes of acridines, we report here for the first time, acridinedione derivatives as potent CEase inhibitors. Thus, in the present study, various acridinedione analogues were synthesized via microwave-assisted three-component reaction employing silica supported sulphuric acid under solvent free conditions and evaluated for their inhibitory potential against CEase enzyme using spectrophotometric assay. The catalytic influence of HBF 4 -SiO 2 was also investigated in detail to optimize the reaction conditions. The type of inhibition and the interactions of the most potent inhibitor with CEase enzyme had also been figured out.
MATERIALS AND METHODS
Most reagents were purchased from Sigma-Aldrich, Loba and CDH, India and used without further purification. All yields refer to isolated products after purification. Products were characterized by comparison with authentic samples and by spectroscopic data ( 1 H and 13 
C NMR).
1 H NMR and 13 C NMR spectra were recorded on Avance III HD 500 MHz Bruker Biospin Nuclear Magnetic Resonance Spectrometer. The spectra were measured in CDCl 3 and Dimethyl sulfoxide (DMSO)-d 6 relative to TMS (0.00 ppm). In 1 H NMR chemical shifts were reported in δ values using tetramethylsilane as internal standard with number of protons, multiplicities (s-singlet, d-doublet, t-triplet, q-quartet, m-multiplet, dd-double doublet) and coupling constants (J) in Hz (Hertz) in the solvent indicated. Melting points were determined in open capillaries and were uncorrected.
Procedure for the preparation of SiO 2 -H 2 SO 4 :
To a 250 ml dried round bottom flask (RBF), a suspension of silica gel (50 g, 230-400 mesh) in acetone (100 ml) was added. To this suspension, a solution of concentrated sulphuric acid in acetone (1 ml in 15 ml acetone) was added drop wise. The reaction mixture was stirred at room temperature for 8 h. After 8 h, the solvent was removed under reduced pressure and the yellowish brown powder obtained was stored in desiccator for longer period of time.
General procedure for the synthesis of acridinedione derivatives:
To a 50 ml conical flask, dimedone (1 mmol), substituted benzaldehyde (1 mmol), substituted aniline (1 mmol) were added. In the mixture 1 mol% of silicated sulphuric acid was added as a catalyst. The reaction mixture was irradiated Biotage Microwave Synthesizer operating at 150° with the microwave power maximum level of 400 W for 10 min. After the completion of reaction (confirmed by TLC), the reaction mixture was dissolved in ethanol and then filtered to remove silica. The filtrate was dried under reduced pressure to get the crude product.
Characterization data:
In the present investigation, 26 3,4,6,7-tetrahydro-9-(3,4-dimethoxyphenyl)-10-(4-methoxyphenyl)-3,3,6,6-tetramethylacridine-1,8(2H 
In vitro CEase assay:
Porcine CEase inhibition was assayed spectro photometrically at 405 nm at 25°. Assay buffer was 100 mM sodium phosphate, 100 mM NaCl, pH 7.0. A stock solution of CEase (200 µg/ml) was prepared in 100 mM sodium phosphate buffer, pH 7.0 and kept at 25°. A 1:200 dilution was done with the same buffer immediately before starting the measurement. Sodium taurocholate (12 mM) was dissolved in assay buffer and kept at 25°. A stock solution of para-nitrophenyl butyrate (20 mM) was prepared in acetonitrile. The final concentration of acetonitrile was 3%, of the substrate para-nitrophenyl butyrate 20 µM, and of sodium taurocholate 6 mM. Assays were performed with a final concentration of 10 ng/ml of CEase. Into a cuvette containing 430 μl assay buffer, 500 μl of the sodium taurocholate solution, 20 μl acetonitrile, 10 μl of the para-nitrophenyl butyrate solution, and 30 μl of an inhibitor solution in DMSO were added and thoroughly mixed. After incubation for 5 min at 25°, the reaction was initiated by adding 10 μl of the enzyme solution 1 µg/ml [34] .
9-(4-bromophenyl)-3,4,6,7-tetrahydro-10-(4-methoxy phenyl)-3,3,6,6-tetramethylacridine- 
Enzyme kinetics study:
Synthesized compounds were further investigated for the type of inhibition and enzyme kinetics studies were carried out. The Lineweaver-Burk plot will be established from which we can calculate the K m , V max of the slope of inhibitor and the value of α (a constant that defines the degree to which inhibitor binding affects the affinity of the enzyme for substrate) [35] .
Molecular properties:
Molecular properties of the synthesized compounds were calculated by Lipinski's rule of five. Briefly, this simple rule is based upon the observation that most biological active drugs have a molecular weight (MW) of 500 or less, a log P not higher than 5, five or fewer hydrogen bond donor sites and ten or fewer hydrogen bond acceptor sites (N or O atoms).
Molecular modelling study:
The 3D X-ray coordinates of human cholesterol esterase (hCEase) was obtained from protein data bank (PDB code 1F6W) [36] . Structure of compound will be draw in Chem Draw Ultra (2010) and subjected to energy minimization using the MM2 force field as implemented in Chem 3D Ultra software. The compound will be docked in to the active site of CEase using the GOLD 5.3.0 software [37] . GOLD performs genetic algorithm based ligand docking to optimize the conformation of ligand at the receptor binding site. Gold score scoring function would be employed to calculate the binding score. It utilizes Gold Score fitness function to evaluate the various conformations of ligand at the binding site and comprises of four components: protein-ligand hydrogen bond energy, protein-ligand van der Waals (vdw) energy, ligand internal vdw energy, and ligand torsional strain energy.
RESULTS AND DISCUSSION
In order to investigate the catalytic efficiency of various Bronsted acids adsorbed on silica (BA-SiO 2 ), a model reaction was performed for the synthesis of target compound with 1 mol% of various catalysts with the reaction time of 10 min under microwave irradiation. Table 1 revealed that sulphuric acid adsorbed on silica most efficiently catalysed the synthesis of the target compound. In an attempt to improve the yield and optimize the reaction conditions, the model reaction was carried out in the presence of different amounts of silicated sulphuric acid for various time intervals under similar conditions. The conditions were optimized for 100% conversion. A significant improvement in the yield was observed with 1 mol% of the catalyst with the reaction time of 10 min under microwave irradiation. Larger amount of catalyst did not improve the results ( Table 2 ).
The recyclability of the catalyst was investigated using the model reaction. After the completion of the The catalyst was tested for four runs. It was observed that the recovered catalyst was recycling in subsequent runs without significant decrease in activity even after four runs reaction, ethanol was added to the mixture and filtered for separation of the catalyst. It was washed thrice with acetone, dried in oven at 100° for 30 min prior to use and tested for its activity in the subsequent run. The catalyst was tested for four runs. It was observed that the recovered catalyst was recycling in subsequent runs without significant decrease in activity even after four runs (Table 3 ).
All the synthesized compounds (HSM-1a-HSM13a and HSM-1b-HSM-13b) with diversification in chemical structures were characterized by melting point, 1 H NMR, 13 C NMR and IR spectroscopy. NMR spectra of one of the representative compound from the series (HSM-8a) is given in fig. 3 .
All the synthesized compounds (HSM1a-HSM13a and HSM1b-HSM13b) were evaluated for their inhibitory potential against CEase enzyme using spectrophotometric assay. Compounds with CEase enzyme inhibition of more than 60% at 50 µM were further evaluated at 1 and 10 µM in order to calculate their IC 50 values, Table 4 revealed an interesting structure activity relationship for acridinedione derivatives as CEase inhibitors. Any substitution on both the phenyl rings (at 9 th and 10 th position of A.
B. However substitution of halogen on ring D showed some potency against CEase enzyme in the decreasing order with an increase in the size of the halogen (fig. 4) . Compounds with deactivating groups on both D and E rings have significant CEase inhibitory potential in comparison to compounds with activating groups on both D and E rings. Therefore, overall preference order for substituents on both D and E rings could be described as: H>4-F>2-Cl>3-Cl>4-Cl>2-Br>3- fig. 5 , it was observed that intersecting lines on the graph converge to the left of the y-axis and above the x-axis, which indicates that the value of α (a constant that defines the degree to which inhibitor binding affects the affinity of the enzyme for substrate) is greater than 1. This confirms that the inhibitor preferentially binds to the free enzyme and not the enzyme substrate complex. Therefore, the mode of inhibition of HSM-1a is mixed-type.
Molecular properties of the potent acridinedione synthetics have been calculated. Each potent derivative has only one violation from Lipinski's rule of five (Table 5) . A docking study was performed to investigate the recognition pattern between CEase and most potent CEase HSM-1a, (fig. 6 ). The active site of hCEase is a large groove and consists of a catalytic triad and an oxyanion hole. Here, the catalytic triad "Ser194-His435-Asp320' resides at the bottom of a deep surface depression (groove). The oxyanion hole in hCEase is formed by backbone amide groups of conserved residues Gly107, Ala108, and Ala195 and play important role in ester hydrolysis reaction.
The HSM-1a fits well at the hCEase active site and established by a hydrogen bond, electrostatic and hydrophobic interactions. The binding site residues and overall binding mode of HSM-1a is shown in fig. 6 . The aromatic ring E is placed near the catalytic triad and an oxyanion hole. The C=O group of Glu193 is involved in H-bond interaction with aromatic hydrogen of ring E (d=2.4 Å). The ring E is also surrounded by various nonpolar residues such as Trp103, Gly106, Gly107, Ala108, and Ala463, which are suggested to be involved in van der Waals interaction with HSM1a. The ring A is involved on hydrophobic interactions with Met111 and Gly112. The aromatic ring D placed parallel to the side chain of Ala117. This was observed that the docked conformation of HSM-1a completely cover the catalytic triad and an oxyanion hole of hCEase. As discussed previously that catalytic triad and an oxyanion hole are vital for the catalytic action of hCEase. Therefore, this can be suggested that the binding conformation of HSM-1a blocks the approach of the normal substrates of hCEase to its catalytic assembly and thus inhibits its activity.
Present study provides an efficient methodology for the synthesis of acridinedione derivatives employing H 2 SO 4 -SiO 2 at 1 mol% for 10 min under microwave irradiation. All the synthesized compounds were evaluated for in vitro CEase inhibition. Results of biological evaluation revealed the promising inhibitory profile of acridinediones, as the most potent derivative, HSM-1a, displayed strong enzyme inhibition with IC 50 value of 1.53 µM. Enzyme kinetic studies performed on HSM-1a confirmed that the inhibitor preferentially binds to the free enzyme and not the enzyme substrate complex and was mixed type CEase inhibitor. Molecular modelling study figured out the various interesting facts about the binding interactions of HSM1a and amino acids residues of CEase further supported the mixed type aspect of enzyme inhibition. In view of potency against CEase enzyme and calculated molecular properties, HSM-1a appears to be the good hit among the series of acridinedione derivatives and displays promising attributes for detailed investigation. 
